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The  experimental  epidemiological  investigations  described  in  the 
two preceding papers  (1  a,  b)  were concluded by a  similar  study of 
B.  enteritidis  typhoid.  The presence  of  this  disease  in  the  several 
test populations was utilized to collect data on its mode of spread and 
its  behavior  relative  to  the  bacteriophage  and  bacterial  variation 
phenomena.  Furthermore,  tests  were  made,  during  characteristic 
phases of the infection, of the variability of  the epidemic factors and 
of  the  effect  of  experimentally  altering  the  host-resistance  factor. 
These studies are described in the present paper. 
Technique 
The populations of mice employed in this work were the same as those used 
previously (1 a, b).  It may be recalled that several communities were established 
and maintained in an essentially similar manner, and that each, unless otherwise 
noted, received a daily increment of two Rockefeller Institute mice.  The history 
of each population may be summarized as follows: Populations 1, 2, 3, and 4, 
established and exposed to Pasteurellae June, 1925, became free of these infections 
within a few weeks.  In Sept., 1925, all save Population 1 experienced outbreaks 
of a  Friedl~tnder-like bacillus  respiratory disease.  Subsequently, Population 2 
suffered repeated epidemics  until Mar.,  1926, while  Populations 3  and 4  were 
eliminated in Nov., 1925.  A new population, No. 5, established Jan., 1926, was 
infected experimentally with  the Friedlander bacillus.  During the spring and 
summer of 1926, all communities became free of the infection; during Aug., 1926, 
however,  all experienced renewed outbreaks which persisted in a mild form until 
Mar., 1927.  Population 6, established Nov., 1926, was  infected experimentally 
with the Friedl~tnder bacillus and became free in Mar., 1927.  Populations 9 and 
10, established Feb.,  1927 and similarly  infected with the Friedl~tnder bacillus, 
continued to harbor the infection until July,  1927.  Subsequently, Nov., 1927, 
these two communities were eliminated. 
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General Observations on the Spread of B. enteritidis Infection 
B. enteritidis infection was noted relatively early in  the above de- 
scribed  communities, namely, 48,  7,  77,  43,  10,  64,  35,  and 41  days 
respectively, after the date of their establishment.  In each instance, 
the source of infection was probably a  "healthy"  carrier among the 
original population or the daily additions (1 a). 
Observations on the spread of B. enteritidis typhoid in mouse populations  were 
confined to periods in which the infection was prevailing in uncomplicated  form. 
These periods were from Jan. to Aug. 1925, and Jan. 1928 to June 1929 in Popula- 
tion 1, Apr.  to Aug. 1925 and Jan.  1927 to June 1929 in  Population 2, May to 
Aug. 1925 and Apr.  1927 to June 1929 in Population 5, and May 1927 to June 
1929 in Population 6. 
TABLE  I 
Total Mortality per Day in Population Infected witk B. enteritidis 
Pop,  loaf  ion  Period 
1/1/26-8/1/26 
4/1/27-5/30/27 
1/1/28-1/1/29 
4/1/26-8/1/26 
1/1/27-4/1/28 
5/1/2'6-8/1/26 
4/1/27-12/1/27 
5/1/27-10/26/27 
No. days 
212 
61 
365 
122 
447 
92 
244 
179 
Initial 
population 
131 
106 
96 
82 
87 
81 
115 
92 
aal 
pop  lation 
77 
i3 
O8 
73 
01 
67 
97 
83 
Immi- 
grants 
416 
122 
730 
238 
894 
178 
488 
358 
Total 
deaths 
470 
105 
718 
247 
88O 
102 
5O6 
367 
Deaths 
per day 
2.22 
1.72 
1.97 
2.00 
1.97 
2.09 
2.07 
2.05 
In general, the B. enteritidis infection consisted of periods of low mortality in- 
terspersed  with epidemiform outbreaks.  The occurrences of low mortality were 
similar  in all populations.  At these  times,  the census level  averaged about 95 
individuals and the mortality rate 2 individuals per day (Table I).  Occasionally 
the census  level  and mortality rate continued constant for several  days; more 
often,  however,  they fluctuated  in a characteristic  wave-like manner at intervals 
of about 9 days (Text-fig. 1).  The periods of epidemiform mortality were of two 
sorts according  to their duration (Text-fig.  1; Table II).  One sort consisted of 
short periods of high mortality associated invariably with some sudden change in 
environment.  In these  instances,  a  return  of the environment to  "standard" 
conditions was accompanied by a cessation of deaths and an increase of the census 
to its usual level (Text-fig. 1).  The second form of disturbance  consisted of pro- 
tracted periods of high mortality during the hot months of July and August (Text- 
fig.  1).  Both  types of environmental  disturbance  affected  most  severely  the oumw~  ~lwBm~ 
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populations  with highest censuses.  Such in brief was the characteristic  behavior 
of the B. enterltidls infection in the various populations under observation. 
These observations suggest that under the given conditions, microbe 
and  host  potentialities  in  the  communities  tended  to  establish  an 
equilibrium, but that this equilibrium was disturbed by two influences. 
The explosive epidemiform waves were  attributed to sudden  changes 
in  environment;  the other disturbance in  equilibrium  evidenced by 
TABLE II 
Epidemiform Outbreaks of B. enteritidis Infection Associated with Changes of 
Environment 
Population 
identity 
No. 1 
2 
2 
6 
5 
2 
2 
2 
5 
5 
All 
c$ 
~c 
~c 
Dates of increased 
mortality 
3/8/26-3/9/26 
4/23/28--4/25/28 
12/27/28-1/22/29 
12/12/27-12/13/27 
12/4/27-12/11/27 
10/18/28-10/19/28 
11/30/28 
3/12/29-3/13/29 
1/23/28-1/24/28 
5/31/28 
5/20/27-5/23/27 
6/15/27-8/1/27 
5/27/28-5/31/28 
6/13/28.-.6/15/28 
6/27/28.-7/10/28 
8/1/28-8/6/28 
8/20/28-8/31/28 
' 
1 
7 
1 
1 
1 
1 
1 
3 
4 
2 
5 
11 
Accompanying environmental changes 
Technical--Air deficiency 
"  Water deficiency 
cc  ~¢  c~ 
"  Excess  artificial  heat 
"  "  sunlight 
Hot spell 
Summer heat 
Hot spell 
~c  cg 
~L  ~c 
the minor  wave-like  fluctuations in mortality  was  regarded  as  the 
result of the daily immigrations of susceptible mice.  1  Finally, these 
observations suggested that  both disturbing  influences, environmen- 
tal and immigrafional, operated on the host rather than the microbe 
variable.  Further evidence for this point of view is brought forward 
in  the following pages. 
1 Topley has shown that the frequency and character of such mortality waves 
are associated directly with the rate of immigration of fresh mice (J. Hyg., 1925, 
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Bacteriophage and the Spread of B. enterltldis  Infection 
It was noted early that the B. enteritidis  infection was accompanied 
by the presence of a bacteriophage.  The lytic substance was demon- 
strable on agar plate cultures of intestinal contents from living mice 
(1 c), as well as on similar cultures from blood and  organs  obtained 
at  autopsy.  On many culture plates,  colonies of B.  enteritidis  ap- 
peared in characteristic "eaten" forms and readily yielded bacterio- 
phage  effective  in  dilutions  of  10  -9  .  The  "eaten"  colonies  were 
present in cultures from intestinal tract,  heart's blood, lungs, spleen, 
and liver, but varied to such an  extent that no consistency or time 
relationship could be established with reference to their  amount or 
distribution in  tissues,  individual mice,  or mouse  populations.  In 
so far as could be determined, the bacteriophage phenomenon played 
no part in influencing the amount or severity of the disease.  2 
Bacterial-Dissociation  Phenomenon  and  the  Spread  of  B.  enteritidis 
Infection 
Observations were made on the presence of different colony types 
of  cultures from living  and  dead mice of  the  several  populations. 
The results of these observations have been presented elsewhere (1 e) 
but may be summarized as follows.  From cases of spontaneous infec- 
tion, smooth colony types alone were found; variants occurred only 
under certain definite laboratory conditions.  These variants reverted 
regularly  to  the  parent  smooth  forms,  and  when  reverted,  were 
similar to each other and to the naturally occurring smooth strains. 
No evidence, however, was obtained indicating that the phenomenon 
of bacterial  variation  occurred under natural  conditions in  such  a 
way as  to  influence the course of  individual or population  disease. 
A  Comparison  of  Virulence  of Pre-Epidemic,  Epidemic,  and  Inter- 
Epidemic Strains of 1925-1929 
At various periods during the spread of B. enteritidis  infection the 
behavior of the virulence factor was tested by recovering strains of the 
organisms and  titrating their virulence or disease-producing power. 
In all,  two so-called pre-epidemic strains,  five epidemic, and eleven 
2 Topley, studying the therapeutic value of bacteriophage in B. aertrycke mouse 
typhoid, reached a similar conclusion (J. Hyg., 1925, 24,  17). LESLIE  T.  WEBSTER  935 
inter-epidemic  strains  were  tested  and  compared;  the  comparisons 
were  made  by means  of  a  standardized  virulence  titration  in  which 
20 to 50 mice were given per os a  definite number  of organisms of each 
of the  Specified strains.  Details  of the method  have been given else- 
where  (1 d) :  here it will suf~ce to describe each strain  briefly and the 
special  purpose  of each  titration  (Table  III). 
Titrations 1 to 5, 1922 to 1925.  The first 5 titrations, although not made with 
strains  from  these  populations,  are  included  to  demonstrate  certain  virulence 
properties of B. enteritidis.  Titrations  1 to 3  were carried out in 1922-23  with 
Strain M.T.  1, obtained from a mouse in the Institute,  dying of spontaneous ty- 
phoid (1 e).  The fitrafions were made to determine the effect of animal passage 
on virulence.  The mortalities were 85,  85,  and 90 per cent respectively in suc- 
cessive passages, indicating that the animal passage had not changed the disease- 
producing power of Strain B~.T.  1.  Titrations 4 to 5, carried out in 1925,  indi- 
cated that cultivation of the Strain M.T. 1 on artificial media had also not affected 
its disease-producing power.  These tests resulted in final mortalities of 82,  95, 
95, 90 and 80 per cent respectively (1 f). 
Titrations 6 to 8,  1925 to  1926, were made with 2 strains, SS1 and SS~, from the 
heart's blood of two mice in Population 2, dying Dec. 5,  1925,  immediately pre- 
ceding a Friedl~inder's bacillus outbreak (1 b).  The tests were made to compare 
the virulence of native smooth colony cultures and reverted smooth colony forms 
from artificially induced  variants  (1  f).  The mortality--95,  90,  85,  85,  95,  85, 
100,  and 90 per cent respectively--indicates that the native and reverted forms 
were equally pathogenic. 
Titration  9,  Oct.  3,  1927,  was made to test  the virulence of a  post-epidemic 
strain, No. 1, obtained from the heart's blood of a mouse of Population 1, dying 
Sept.  30,  1927,  following  an  epidemic  outbreak.  This  outbreak  was  induced 
experimentally  (page 943).  The mortality was 70 per cent at 20  days, and  the 
estimated mortality at 60 days on the basis of the standard control curve averages 
80 :t: per cent (1 f). 
Titration 10, Jan. 24, 1928, was carried out to test the virulence of an epidemic 
strain,  No. 2, from the heart's blood of a  mouse in Population 5, dying Dec. 5, 
1927.  Immediately prior and subsequent to this date, the population suffered a 
considerable increas~ in mortality, due to technical disturbances  of temperature. 
The virulence test resulted in a mortality of 70 per cent at 20 days, indicating a 
probable 80 4- per cent at 60 days (1 f). 
Titration 11, Mar. 1, 1928, was made to test the virulence of Strain 3, obtained 
from the heart's blood of a mouse in Population 1, dying Feb. 27,  1928, during a 
quiescent  period of relatively constant  death  rate.  The resulting  mortality at 
60 days was 86 per cent. 
Titration 12, Oct. 22,  1928,  was made to test the virulence of epidemic Strain 
4 and endemic Strain 5.  Strain 4 was obtained from the heart's blood of an in- 936  SPREAD  OF BACTERIAL INFECTIONS.  III 
dividual in Population 6, dying Oct. 19, 1928.  This community was in the early 
phase of an artificially induced (page 943), severe epidemic, fatal to 108 mice in 
30 days.  Strain 5, on the other hand, came from the heart's blood of a mouse in 
Population 2, dying Oct.  19, 1928.  This community, at that time, enjoyed the 
highest census and the lowest death rate for a period of 2 months prior to the test 
(Text-fig.  1).  The titration resulted in total mortalities  of  72  per  cent  and  84 
per cent respectively. 
Titration  13, Oct. 26, 1928, was carried out with the epidemic Strain 4 and the 
endemic Strain 5, described above, plus endemic Strain 6, from a mouse in Popu- 
lation 5, dying Oct. 24, 1928, during an interval of low death rate and progressive 
increase in the total population.  The resulting mortalities were 92,  80,  and 76 
per cent respectively. 
Titration  14, Nov. 20, 1928, was made with the epidemic Strain 7 and the en- 
demic Strain 8.  Strain 7 came from the heart's blood of a mouse in Population 5, 
dying Nov. 17, 1928, at the onset of a severe epidemic, fatal in 9 days to 39 mice. 
Strain 8 came from the blood of an individual in Population 6,  dying Nov. 14, 
1928, at a  time of minimum death rate and progressively increasing population 
census.  The test resulted in mortalities of 90 and 100 per cent. 
Titration  15, Dec.  17,  1928, was carried out with one endemic strain,  No. 9, 
and one epidemic strain, No. 10.  Strain 9 was obtained from the blood of a mouse 
in Population 5, dying Dec. 14, 1928, during a period of relatively constant death 
rate; Strain 10, on the other hand, came from the blood of a mouse in Population 
6, dying Dec. 13, 1928, at the height of a 20 day epidemic, fatal to 75 mice.  The 
final mortalities were 85 per cent and 70 per cent. 
Titration 16, Jan. 9, 1929, was planned to compare the virulence of an epidemic 
strain,  No.  11,  and  endemic strain,  No.  12.  Strain  11  came from the  heart's 
blood of a  mouse in Population 2, dying Jan. 5,  1929, at the height of a  severe 
mortality wave, associated with a technical alteration of environment (page 933). 
Strain 12, on the contrary, came from the blood of a mouse in Population 6, dying 
Jan. 5, 1929, at the end of a severe epidemic, just as the population census com- 
menced a long continued rise from 41 to 100 individuals,  accompanied by a  cor- 
respondingly low death rate.  The comparative mortalities  were 95 and 90 per 
cent. 
Titration  17, May 17,  1929, was planned to compare the virulence of autopsy 
and  carrier  strain~  from populations  in relatively healthy and endemic states. 
Strain 13 came from the heart's blood of a mouse in Population 2, May 15, 1929, 
during a period of relatively good health and low death rate; Strain 14, from the 
feces of a  "healthy" carrier,  May 13,  1929, in the same population.  Strain  15 
was obtained from the heart's blood of a  mouse in Population 5, dying May 7, 
1929, at  the time of considerable endemic mortality.  Strain  16 came from the 
feces of a "healthy" carrier, May 10, 1929, in the same population.  The titration 
was run in the late spring, consequently the level of resistance of the test animals 
was relatively high and the resulting mortalities low (1 g); however, all four strains 
showed a similar degree of killing power---64, 64, 60, and 68 per cent respectively. I  ~  ~  I  I  p~p 
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The combined results of the fitrations, shown in Table III, indicate 
that  under  natural  conditions,  the  virulence  of B.  enteritidis  is  not 
altered by animal passage,  and  that "reverted" variants and strains 
obtained  from mice  are  of similar pathogenicity.  Finally,  the  tests 
indicate  that  the  virulence  of  the  organisms  during  pre-epidemic, 
epidemic,  and  inter-epidemic  phases  of  the  infection  is  relatively 
constant,  and  hence  that  in  considering  the mechanism  of epidemic 
outbreaks  of  this  disease  the  virulence  factor  may  be  regarded  as 
unchanging. 
Dosage of B. enteritidis 
The second epidemic factor investigated was that of dosage, or  the 
numbers  of B.  enteritidis  available  to  the  population at various  epi- 
demiological  periods.  The  investigations  took  the  form  of  carrier 
rate determinations  and counts of the actual  number of B. enteritidis 
in  the bedding on specified occasions.  The  technique  and results of 
these tests were as follows: 
To determine the presence of carriers, fresh intestinal contents from each mouse 
were emulsified  in 2 cc. of broth.  0.2  cc. of this emulsion was spread over the 
surface of a  15 cm. brilliant green agar plate.  After 24 hours' incubation, sus- 
pected colonies were transferred to broth, incubated overnight, and tested with 
B.  enterltidis agglutinating  serum.  The  counts  of B.  enteritidis bacilli  in  the 
bedding were made by mixing the wood shavings with 3000 cc. of a 0.85 per cent 
sodium chloride  solution, taking six 1 cc. samples of this suspension  and  plating 
0.5 cc. of two dilutions on duplicate brilliant green agar 15 cm. plates.  Thus, 24 
plates were made from each lot of bedding, insuring relatively accurate counts. 
Carrier determinations were made in Populations 2, 5, and 6 and total counts in 
Population 6.  The results of these tests were as follows.  In Population 5 (Text- 
fig. 1), carrier tests were made from Nov. 1, 1927 to Apr. 1, 1928.  Prior to the 
first epidemic of Dec. 4, 1927, two tests were made--Nov. 28 and 30, 1927, show- 
ing 16 and 19 per cent carriers respectively.  2 and 5 days after the onset of the 
epidemic, the carrier rate increased to 24 and 24 per cent; at the end of the out- 
break, Dec. 12 and 14, 1927, the rate fell to 13 and 16 per cent; prior to the second 
outbreak of Jan. 23,  1928, the rate again increased progressively--Dec. 28, 1927, 
17 per cent; Jan. 4, 1928, 22 per cent; Jan. 12, 1928, 25 per cent.  Later,  during 
a period of low mortality and rising census,  the rates were low--Feb. 15 and  28, 
8.5 and 9 per cent respectively.  In Population 2 (Text-fig.  1), carrier tests were 
made from Dec. 1, 1927 to Mar. 1, 1928.  Prior to a period of increased mortality, 
commencing Feb. 1, the rate increased progressively--Jan. 9, 8 per cent; Jan. 16, 
9 per cent; Jan. 30, 21 per cent.  On the second day of the epidemic, however, LESLIE  T.  WEBSTER  939 
Feb. 3, the rate fell to 13 per cent.  In Population 6 (Text-fig. 1) the carrier rate 
was low, 2.5 per cent on Oct. 4, 1928.  On Oct. 17, however, at the onset of a 
severe outbreak, the rate was 57 per cent.  Later, as the wave subsided, Oct. 29, 
the rate fell to 14 per cent, only to rise to 22 per cent on Nov. 2, before a slight 
secondary wave, and subsequently fall to 0 per cent as the mortality ceased.  Later 
both carrier tests and bedding counts were made in Population 6 from Dec. 15, 
1928 to June 1, 1929 (Text-fig. 1).  During this period no true epidemics occurred; 
indeed,  death rates,  carrier rates,  and bedding counts varied but little.  The 
following tendencies were noteworthy, however.  On Dec. 26 and Jan. 1, carrier 
rates were low; on Jan. 4 and  7,  bedding counts were low; and from Jan.  4  to 
13, the mortality rate was correspondingly low.  On Jan.  7 and 11, sharp rises 
occurred in carrier and bedding rates respectively; a few days later, Jan.  14, a 
corresponding increase in mortality occurred.  Again on Jan.  17, a sudden drop 
in carrier rate was noted; 6 days later, the mortality rate fell suddenly.  A third 
rise in death rate occurred Feb. 22, preceded 14 days by a sharp increase in carrier 
rate and bedding count.  Finally, during a subsequent 6 weeks' period of excep- 
tionally low mortality, the carrier rates and bedding counts were at a correspond- 
ing minimum. 
The results of the studies on the dosage factor were often marred 
by  technical  difficulties,  but  when  conditions  were  favorable  they 
indicated that dosage varied directly with mortality at a  time differ- 
ence approximating that of the incubation period of the disease. 
Host Resistance to B. enteritidis 
The behavior of the  host-resistance factor in the populations was 
studied  indirectly  by altering  the  resistance  of  the  populations  ex- 
perimentally and observing the effect of this procedure on the amount 
of severity of the B. enteritidis infection.  The experimental alteration 
of host-resistance in the populations was carried out in two ways,-- 
first, by modifying the routine diet, and second, by substituting in the 
populations immigrants  of different known  resistances.  The results 
of these experiments are given in detail (Text-figs. 1 and 2). 
Experiment 1.--The Effect  of Modifying Host Resistance by Dietary 
Procedures.--The  standard  diet  administered  daily  to  the  various 
populations consisted of baker's bread plus pasteurized Grade B milk. 
The test modification in diet was effected by replacing this ration with 
the  standard  McCoUum  diet.  8  This mixture  had  been  tested  pre- 
3 McCollum diet is prepared as follows: Wheat germ, 67.5 per cent; casein,  15 
per cent; milk powder,  10 per cent; NaC1, 1 per cent; CaCO3, 1.5 per cent; butter 
fat, 5 per cent. 'L~  - "~¢*'- 
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viously and  found  to increase  the  resistance  of Rockefeller  Institute 
mice to B. aertrycke typhoid (1' h).  Similar unpublished  tests showed 
that McCollum  diet increased  the  resistance  of Rockefeller  Institute 
mice  to B.  enteritidis  and  Friedliinder's  bacillus  infections.  Conse- 
quently,  these  two  tested  diets;  one,  the  standard  bread  and  milk 
ration,  resulting  in  relatively  susceptible  mice,  and  the  other,  the 
standard  McCollum  ration,  resulting  in  relatively  resistant  mice, 
were used  alternately  and  their  effects on the  spread  of B. enteritidis 
infection compared. 
On Oct. 26, 1927, with the census levels of Populations 1,  2, 5 and 6 at 84, 95, 
91 and 83 respectively (Text-figs. 1 and 2), the diet in Population 6 was changed 
from bread and milk to the McCollum ration.  The result was immediate.  Daily 
mortality fell abruptly and the census rose in 26 days to 129 individuals, while the 
counts in the control bread and milk diet Communities 1, 2, and 5, remained at 
about 90.  20 days later,  however, Dec.  5, the test McCollum diet community, 
No. 6, suffered a severe epidemic, fatal to 52 mice in 9 days, and reducing its cen- 
sus from 130 to 96.  Subsequently, the death rate fell and the census rose rapidly 
to 129; but on Jan. 21, 1928, a second outbreak occurred similar to the first, save 
that the subsequent rise in census was less pronounced--mortality rate and census 
level remaining definitely within the zone of the control bread and milk diet com- 
munities.  Subsequently, a similar test was made with Population 5.  This com- 
munity had suffered a  high mortality on Dec. 4,  1927, due to a  technical error, 
consequently its census level had dropped from 99, the level of the other control 
communities, No. 1 and 2, to 70.  On Dec. 9, 1927, the diet was  changed  from 
bread and milk to the McCollum ration.  At once its death rate fell and the census 
rose steadily to 108 on Jan. 20, 1928, a figure midway between the levels of the two 
control communities--Population 1, 96; Population 2,  115.  On this date, how- 
ever,  an outbreak occurred reducing its census level to 87.  Subsequently,  the 
death rate fell and the census rose steadily to 111 on Feb. 13, 1928. 
The results described show that an increase of population resistance by dietary 
procedures was highly beneficial to the communities for short intervals,  but that 
these benefits were counteracted by the occurrence of epidemics which left the sur- 
vivors in the same status as those in communities with poorer rations.  Further 
analysis indicated that the occurrence of epidemics associated with the change in 
ration was probably due to the introduction into the resistant communities main- 
tained on the McCoUum diet of  relatively susceptible  immigrants, fed on bread 
and  milk.  Indeed,  these  immigrants  according  to  survival  time  records  con- 
tributed more than 75 per cent of the mortality during the outbreaks.  Hence the 
technique was modified so as to increase the resistance of prospective immigrants 
to the McColium diet populations by feeding them the McCollum diet  7 to 14 
days before their actual admission, while the prospective immigrants to the bread 
and milk ration communities were kept on the bread and milk diet. 942  SPREAD  OF  BACTERIAL  INflECTIONS.  III 
The experiment was continued on Feb.  13, 1928, by adding  to the McCollum 
diet Populations  5 and 6 McCollum-fed immigrants.  The effect of this procedure 
was an immediate decline in the death rate and a progressive increase in the cen- 
suses to 165 and 169 on April 30, 1928 (Text-figs. 1 and 2).  Thereafter both com- 
munities  maintained this relatively  high level,  while the two control  bread and 
milk  diet communities,  Nos.  1 and 2,  continued the usual  level  of 100 to  115. 
The final test consisted in substituting McCollum diet in one of the two remaining 
control bread and milk diet communities and its immigrants,  No. 2, and replacing 
the McCoUum diet in Population 6 and its immigrants  with the standard bread 
and milk ration.  This plan designated Population 5 as a McCollum diet control, 
and Population 1 as a bread and milk diet control, and tested the effect of simul- 
taneous McCollum to bread and milk diet and bread and milk to McCollum diet 
substitutions  in  Communities  6  and  2  respectively.  The  consequence  of this 
change was indeed striking  (Text-fig. 2).  Population 6, changed from McCollum 
to bread and milk diet,  maintained its high census level for about 3 weeks; then 
by a long and severe epidemic, fatal to 150 mice in 38 days, was decimated perma- 
nently to the population level of the control bread and milk Community 1.  Popu- 
lation  2, changed from bread and milk to l~cCollum  rations,  after a temporary 
rise in mortality associated with difficulties in the management of the water supply, 
responded in a typical manner.  The death rate fell abruptly and the census level 
rose until on June 1, 1928, it paralleled  that of the control McCollum  diet  com- 
munity, No. 5.  Subsequently,  this  relative  50 per cent increase in census level 
in the two McCollum diet communities was maintained in spite of severe weather. 
During the hot weather,  June 25,  1928 to July 1, 1928, all populations  suffered, 
but the communities  on identical  diets  suffered equally  and the approximate  50 
per cent difference in population level between  McCollum  and bread and milk 
diet communities  was maintained.  One further substitution was made July 19, 
1928 in Population 5, by changing its diet from McCollum  to bread and milk. 
Two epidemic waves ensued,  reducing  the census of the community to that of 
the control bread and milk populations,  Nos. 1 and 6.  Meanwhile, Population 2, 
maintained on McCollum diet, continued its equilibrium in spite of periods of high 
mortality from overcrowding, at a census level approximately  50 per cent higher 
than that of populations on bread and milk. 
These  tests  demonstrated  that by varying an  adequate  diet from 
barely  essential to more optimum  constituents  and vice versa,  it was 
possible  to  incite  epidemics  or periods  of  relatively  good  health. 
Hence,  since it is known that  these  dietary regulations result in an 
increase or decrease of  host  resistance,  it  is  concluded  that  under 
the  given  conditions  the  level  of  the  host  resistance  factor  deter- 
mined  the  degree  of prevalence of the B. enteritidis infection. LESLIE  T.  WEBSTER  943 
Experiment  2.--The  Effect  of Modifying  Host  Resistance  by  Sub- 
stituting  Immigrants  of Different  Known Resistance.--The  technique 
of this experiment consisted in replacing the daily quota of Institute 
mice immigrants  for  the  more susceptible  Lathrop  mice  (1  b),  and 
vice versa.  A  substitution  of Lathrop mice in  a  given population  of 
Institute  mice  was  calculated  to  decrease  progressively  the  total 
amount  of  host  resistance  in  that  population;  and  conversely,  the 
substitution  of Institute mice in a  given population  of Lathrop mice 
was  calculated  to increase  progressively the  total resistance.  These 
replacements  were  carried  out  in  a  series  of  tests  under  controlled 
conditions with the following results (Text-figs. 1 and 2). 
Test/.--The  first substitution  was made in  Population  1 on May 31,  1927 
(Text-figs. 1 and 2).  The census in this community was 121, and in the three 
control communities, 121 in Population 2, 102 in Population 5, and 92 in Popula- 
tion 6.  The replacement of Lathrop for Institute mice in Population 1 was fol- 
lowed by an increase in mortality which in 3 weeks reduced the census below the 
level of the two control communities, Nos. 2 and 5.  Meanwhile the third control 
community, No. 6, had suffered the effects of a technical mismanagement of tem- 
perature conditions which was not corrected until Aug. 23,  1927.  Shortly there- 
after, its census increased to that of the control communities, Nos. 2 and 5, while 
the Lathrop Population 1 remained at the lowest level.  Oct.  6,  1927, a reverse 
substitution was made in the Lathrop Population 1 by changing the daily immi- 
grants from Lathrop to Institute mice.  The census at this time of Population 1 
was 73, while those of the control populations were 92 in Population 2, 84 in Popu- 
lation 5, and 91 in Population 6.  Following  the replacement of Institute immi- 
grants in Population 1, mortality decreased and in 20 days, the census had risen 
to that of the control communities, after which all censuses remained aloe. 
Test Z.--The second substitution was made in Population 6 July 19, 1928.  The 
census in this community was 74; in the control Population 1, it was 63, in Popula- 
tion 5, changed on the same day from McCollum to bread and milk diet (page 942), 
it was 97, and in the McCollum diet population, 88.  Following the replacement of 
Lathrop for Institute mice in Population 6, the census level continued to parallel 
that of control Community 1, and after Sept. 1, control  Community 5.  On Oct. 
3, however, with the census levels of the test and control communities at about 
80  and  the  McCollum  Community 2  at  120, the  test  Lathrop  Population  6 
suffered a severe epidemic fatal to 108 mice in 30 days and reducing the census to 
29.  During  this period,  the  control communities experienced a  relatively low 
mortality and a general rise in census levels.  Virulence titrations, Nos. 12 and 13, 
of an epidemic strain from Population 6 and endemic strains  from the healthy 
McCollum Population 2 and control Population 5 showed no significant differences 
in the pathogenicity of B. enteritidis.  Subsequently, the test Lathrop Population 944  SPREAD  OF BACTERIAL INFECTIONS.  HI 
6 showed a low death date for 4 weeks during which it increased to 76 mice.  A 
virulence titration, No. 14, made at this time, proved the infecting strain to be of 
full virulence.  On Dec. 5, however, a second outbreak occurred, fatal to 75 mice 
in 20 days and reducing the census to 41.  A virulence titration, No. 15, showed 
no differences  in pathogenicity of an epidemic strain from Population 6 and an 
endemic strain from the control Population 5.  Meanwhile,  control Communities 
1 and 5 maintained a census level of 100, and the McCoUum community, No. 2, a 
level of 125. 
Test 3.--The third substitutions were made in Populations 6 and 5 on Jan. 14, 
1929.  At this time, the Lathrop Population 6, with a census of 47, was changed 
by adding Institute immigrants in place of Lathrop mice, and control Population 
5, with a census of 112, was changed by adding Lathrop immigrants in place of 
Institute mice.  Population 1, with a census of 107, continued to serve as a con- 
trol; Population 2, fed on McCoUum diet, continued to maintain its relatively high 
census level.  The effect of changing Lathrop to Institute immigrants in Popula- 
tion 6 was immediate.  The death rate declined and the census level rose progres- 
sively and with little interruption until it equalled that of control Population I on 
May 14, at 125, and paralleled it closely thereafter.  The contrary effect of chang- 
Lug Institute immigrants to Lathrop mice in Population 5 was observed.  In this 
case the death rate increased slowly and the census fell, until on Feb. 20 a severe 
outbreak occurred, fatal to 97 mice in 26 days and reducing the census level on 
Mar.  18 to 66.  Thereafter the census remained at the relatively low level of 65 
to 75, while those of the two control communities, Nos. 1 and 6, ranged from 100 
to 125.  On June 1 the experiment was terminated. 
These tests constituted a further demonstration that the amount and 
severitY of B. enteritidis infection could be influenced  by the  experi- 
mental  alteration  of  population  resistance.  When  the  daily  immi- 
grants to a given population were changed from a  relatively resistant 
to a  susceptible race of mice, and vice versa, epidemics were incited  or 
periods of general good health brought about.  Thus, under the given 
conditions,  the  host  resistance factor determined the degree of prev- 
alence of B. enteritidis infection. 
Experiment 3.--At the end of the period of observation, June,  1929, 
a titration was made to determine the actual resistance to B. enteritidis 
of the  survivors of the  different populations. 
Seventy-seven survivors of the resistant  McCollum diet  Population  2  were 
tested, 67 of the control Population 1, 75 of control Population 6, and 42 of the 
susceptible Lathrop Population 5, of which 24 individuals were Lathrop mice and 
18 Rockefeller Institute mice.  On June 18, all were given per os 0.5 cc. of an 18- 
hour broth culture of a fresh strain of B. enteritidis obtained from the blood of a LESLIE  T.  WEBSTER  945 
mouse in Population  5,  found  dead May  7.  Each  animal was  then placed in a 
separate  jar and  fed on its accustomed  diet.  Dead  animals  were examlued for 
B. enteritidis.  The results are given in Table IV. 
According to expectation,  the titrated resistances of the different 
populations agreed with the theoretical resistances (Table IV), being 
greatest in the McCollum diet Population 2, similar and intermediate 
in the control Populations 1 and 6, and least in the Lathrop Popula- 
tion 5.  Thus, 67 per cent of the McCollum Population 6 succumbed, 
75 per cent  and 77 per cent of the control Populations 1 and 6, and 81 
per cent of the Lathrop  Population 5,  of which 100  per cent were 
TABLE  IV 
Resistance of Population Survivors to B. enteritidis 
Population No. 
1 
2 
5 R. I. (I) 
5  Lath. (2) 
5 Total 
6 
No. of 
mice 
injected  0-2  4 
Mortality during days after inoculation 
i  67  3 
i 
i 
77  2 
18  1 
24 
42  1 
75  2 
6  8 
4  4 
5 
1 
2  9 
3  9 
1  5 
10  12 
5  9 
10  6 
6  4 
O  4 
6  9 
14  16 
57 
43 
11 
11 
22 
153 
18  2C  22 
42 
2 
22 
22 
8  1  I 
24  26 
1  2 
1  1 
1  1 
1  2 
28  30* 
1  1 
2  2 
Tots  [ 
No, 
deac 
50 
32 
10 
24 
34 
59 
Per  cent 
dead 
75 
4l 
55 
100 
81 
78 
* No further  deaths  to 36 days; experiment discontinued. 
(1)  Rockefeller Institute mice. 
(2)  Lathrop mice. 
Lathrops  and  55  per  cent Institute mice.  These results  furnished 
additional  evidence  that  the  resistance  of  a  population  could  be 
altered experimentally by changing its diet and its racial constituents. 
DISCUSSION 
The present findings on the mode of spread of B. enteritidis infection 
in mouse populations may be  summarized as follows.  In the first 
place, enteritidis bacilli gaining access to previously unexposed  com- 
munities proved to be readily infective and moderately lethal, and 946  SI'I~EAD  OF  BACTERIAL  INFECTIONS.  llI 
when established in several populations retained these characteristics 
without modification.  Cultures  of B.  enteritidis  taken  from living 
carriers  or  mice  deaA  of  typhoid  during  pre-epidemic,  epidemic, 
and inter-epidemic phases of infection were of uniform pathogenicity. 
Furthermore, the bacterial dissociation and bacteriophage phenomena 
appeared to play no significant r61e in determining the spread of the 
infection.  In the next place, the dosage or quantity of B. enteritidis 
available  to  population  constituents,  as  measured  by  number  of 
carriers  or  amount of B.  enteritidis  in  the bedding, varied directly 
with the death rate  at  a  time difference approximating that of the 
incubation period of the disease.  Most interesting, however, were the 
experiments to  test  the  effect of modifying host resistance  on  the 
behavior of the infection.  Host resistance in the  communities was 
raised or lowered experimentally by two proved methods--changing 
the diet from adequate to optimum constituents and vice versa  (1 h) 
and substituting immigrants of relatively high or low racial resistance 
(1  b).  Under  the  specified conditions,  a  depression of population 
resistance brought about epidemic outbreaks,  whereas an  enhance- 
ment of population resistance inaugurated periods of relatively good 
health.  It is concluded, therefore, that  the spread of B.  enteritidi~ 
infection  in  the  given  populations  was  determined by  variations 
in the host resistance and microbic-dosage factors in connection with 
the relatively constant microbic-virulence factor. 
The present findings are in agreement with  the previous work on 
mouse aertrycke (1 i), rabbit Pasteurella (1 j), and  fowl Pasteurella 
infections (1 k).  In each instance the epidemic factors were found to 
play a like r61e--virulence being constant, and dosage and host resist- 
ance  varying  and  controlling  the  prevalence  of  infection.  Thus, 
virulence, defined as microbic pathogenicity under natural conditions, 
was found, in spite of strain differences and variations under artificial 
conditions, to maintain under natural conditions an average constant 
level.  Besides, virulence appeared related to infectivity or vegetative 
capacity in an inverse manner--the greater the lethal potency, the 
,ess the ability to remain established in a given community.  Dosage, 
on the contrary, proved to be a varying factor, increasing prior to an 
outbreak  and  decreasing  shortly  before  the  end  of  an  epidemic. 
Furthermore, a suitable dose of microbes administered to a group of LESLIE  T. WEBSTER  947 
animals was capable of inciting an epidemic similar in every way to 
those occurring "spontaneously" under natural conditions.  Finally, 
host resis,tance was found to be a  varying factor, possessing racial, 
individual, and specific components, the total amount of which con- 
trolled the severity of infection both in the individual and in the herd. 
With these facts as a basis, the epidemiology of six native animal 
infectious diseases may be described as follows.  Etiologically, epi- 
demics were of three general varieties:  (a)  those occurring when a 
virulent strain  of bacteria gained  access to a  previously unexposed 
population; (b) those occurring in infected communities, when dosage 
was increased by some environmental agent; and  (c)  those occurring 
in infected communities, when population resistance was lowered.  In 
the first instance, which involved the access of foreign microbes to a 
previously unexposed community, the sequence of events depended 
primarily  on  the  balance  between  the  inherent  virulence  of  the 
microbes and the resistance of the population.  Highly virulent mi- 
crobes  in  a  community with  average  resistance  induced explosive, 
fatal epidemics and tended to disappear; the less virulent forms gave 
rise to moderate outbreaks and did or did not become permanently 
established; the least virulent forms gained no foothold.  The level 
of total population resistance detracted from or added to the apparent 
virulence of the microbes.  In the second category, in which epidemics 
occurred in an infected community when dosage was increased by an 
environmental agent,  such as  water,  milk, food, housing, etc., the 
sequence of events in a community with average resistance depended 
primarily on the inherent virulence and the available  dosage of mi- 
crobes.  Large doses of microbes of  average  virulence induced ex- 
plosive epidemics, while smaller doses gave  rise  to more  moderate 
outbreaks.  In the third category, in which epidemics occurred in an 
infected community, when resistance was decreased by immigration, 
food, season, and other unknown influences, the sequence of events was 
a fall in resistance to a critical level followed by an increase in dosage 
and  increase  in  disease  prevalence.  In  each  instance,  individual 
differences in  resistance of the population constituents determined 
the form of the epidemic curve, and the numbers of susceptible in- 
dividuals determined the duration of the epidemic.  Inherent resist- 
ance formed the basis of host resistance; specific immunity in these 948  SPREAD  OF  BACTERIAL  IN~ECTIONS.  III 
relatively acute and fatal infections played a minor though significant 
r61e.  In short, the spread of these six native animal diseases seemed 
to be controlled not by fluctuations in microbic virulence but by defi- 
nite  variations  in  the  resistance  and  dosage  factors  in  connection 
with the relatively fixed virulence of the microorganism. 
SUMMARY 
I. Several  mouse populations  undcr  experimental  observation  were 
infected  with  B. enteritidis  typhoid.  The infection  took the  form of 
periods  of low grade mortality interspersed  with epidemiform out- 
brcaks.  During the periods  of low grade mortality,  the number of 
daily deaths was either  relatively  constant or rhythmic in 9 day 
intervals. The cpidemiform outbreaks were associated  invariably 
with  some  definite  environmental disturbance. 
2. The  spread  of  this  infection  was  not  influenced  by  the  presence  of 
bacteriophage  or the bacterial-dissociation  phenomena. 
3. The virulence  or disease-producing  power of B. enteritidis  was 
found to  be constant  during all  pre-epidemic,  epidemic,  and endemic 
phases  of  the  infection. 
4. The dosage of  B. en~ritidis  available  to  a population  at  a given 
time was found to vary directly  with mortality  at a time difference 
approximating that  of  the  incubation  period  of  the  disease. 
5. The  amount  and  severity  of  B.  enteritidis  infection  in  the  popula- 
tions  were controlled  experimentally  by varying the diet  from ade- 
quate to  optimum constituents  and by varying the dally  immigrants 
from  a relatively  rcsistant  to  a susceptible  race  of  mice. 
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